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[From  Thk  Johns  Hopkins  Hosimtat,  niri.i.RTiN,  No.  110,  May,  1900,  paye  102.) 


ACUTE  LEUKy^MIA  IN  CHILDHOOD  WITH  REPORT 

OF  A  CASE. 

By  Thomas  McCrae,  M.  B.  (Tbr.), 

Instructor  in  Meiliniie,    The   Johns    Hopkins  University,  and  Physician   in 
Charge  of  the  Clinical  Laboratory,  The  Johns  Hopkins  Hospital. 

The  question  of  the  condition  <if  the  blood  in  the  aneemius 
of  early  life  is  such  an  unsettled  one,  and  cases  of  acute 
leuk8Bmia  in  childhood  are  so  rare  that  every  such  case  is 
worthy  of  report  in  detail.    The  present  case  is  us  follows : 

\Me;  aged  3  years  ;  anmmia ;  ftver;  purpuric  rash  ;  blood 
picture  of  leukcBinia;  hcemorrhages ;  convulsions;  death j 
duration  about  one  month. 

J.  L.,  male,  aged  3  years,  was  admitted  to  the  service  of 
Professor  Osier,  in  The  Johns  Hopkins  Hospital  on  May  11th, 
1898.  The  symptoms  to  which  his  parents  drew  attention, 
were  a  slight  cough  and  a  peculiar  area  over  the  sacrum  which 
had  almost  a  gangrenous  appearance.  The  circumstances  con- 
nected with  his  admission  to  the  hospital  were  rather  peculiar. 
His  sister  was  a  patient  at  the  time  with  a  surgical  complaint, 
and  he  was  brought  from  out  of  the  city  to  see  her.  He  had 
some  cough  and  interference  with  his  breathing,  probably  due 
to  adenoids.  For  this  he  was  admitted^  but  at  the  time  it  was 
not  thought  that  he  had  any  serious  condition. 

Family  history. — One  uncle  on  the  father's  side  had  died 
of  tuberculosis;  otherwise  the  history  was  negative.  There 
was  no  history  of  lues  nor  anything  suggesting  it. 

Previous  history. — He  was  a  large  healthy  child  at  birth. 
He  was  not  breast-fed,  but  brought  up  on  various  artificial 
foods,  combinations  of  milk,  etc.  For  two  months  after  birth 
he  did  not  thrive,  b«t  afterwards  did  well  until  two  years  old, 
when  he  had  fever  for  some  time,  the  nature  of  which  was 
unknown.  Chicken-pox  was  the  only  disease  of  infancy  that 
he  had  had.    In  February  of  1898 — three  months  before  admis- 
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sioii — he  caught  cold  and  had  some  bronchitis.  With  this  it 
was  noted  that  tliere  were  numerous  ulcers  over  th«>  mucous 
membrane  of  the  mouth.  Since  this  attack  he  had  some 
cough  and  obstruction  to  his  breathing.  He. did  not  snore  at 
night,  but  frequently  woke  up  complaining  of  being  choked. 
About  the  same  time  a  peculiar  bruised  area  was  noted  over 
the  sacrum,  which  was  slightly  tender.  This  was  thought  to 
have  been  due  to  injury.  The  area  did  not  increase  in  size, 
and  there  were  po  others  like  it  elsewhere.  Otherwise  the 
boy  had  seemed  to  be  perfectly  well,  with  good  appetite  and 
dijjestion. 

Freseni  illness. — There  were  no  special  symptoms  of  this 
and  only  the  previous  conditions  were  mentioned.  To  these 
his  parents  had  given  but  slight  attention,  as  the  boy  was 
thriving  and  seemed  hearty  and  strong.  It  was  thought, 
however,  that  for  a  day  or  two  previous  to  admission  he  had 
been  more  easily  tired  than  ordinarily  and  was  rather  peevish. 
He  had  also  complained  of  some  slight  pains  in  the  neighbor- 
hood of  the  joints.  The  boy's  father — who  was  a  physician — 
was  positive  that  until  a  few  days  before  admission,  the 
patient  had  been  as  well  as  usual  and  played  about  with  his 
ordinary  vigor. 

Examination  showed  a  very  stout  boy,  large  for  his  age, 
but  with  a  generally  pale  flabby  look  which  was  very  striking. 
He  was  very  bright  and  intelligent  and  showed  a  lively  inter- 
est in  his  examination.  The  mouth  was  kept  open,  and  the 
breathing  was  noisy.  The  tonsils  were  mu:h  enlarged  and 
there  were  numerous  adenoids  present.  The  gums  and  mu- 
cous membranes  were  very  pale.  The  shape  of  the  thorax  was 
normal.    There  were  no  rickety  nodules.    The  percussion 

I  page  103  J 
note  was  clear  throughout.  The  breath  sounds  were  every- 
where hai'sh  and  accompanied  by  numerous  sibilant  and  sono- 
rous rales.  No  tubular  breathing  was  heard.  The  heart 
sounds  were  clear  and  of  normal  relative  intensity.  The 
abdomen  was  full  and  prominent.  The  edge  of  the  liver  was 
felt  about  3  cm.  below  the  costal  margin.  The  spleen  was 
palpable  and  hard,  although  not  enlarged  beyond  the  costal 
margin.  There  was  no  tenderness  over  the  abdomen.  There 
was  no  glandular  eulargement.    No  oedema  or  signs  of  rickets 
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Were  present.  Over  the  sacrum  waa  uu  area  about  6  cm.  in 
diameter,  dark  purple  in  color  and  with  a  bruised,  almost 
gangrenous  look.  Tt  felt  indurated,  was  slightly  tender  and 
was  not  adherent  to  deeper  structures.  No  fluctuation  could 
be  made  out. 

The  patient  remained  in  the  hospital  until  May  24th, 
during  which  time  his  general  condition  was  as  follows: 

May  15th.  Frequent  coughing  and  constant  mouth  breath- 
ing.    His  appetite  was  good  and  he  took  his  food  well. 

May  18th.  The  general  condition  was  worse.  There  were 
great  irritability  and  restlessness.  At  times  complaint  was 
made  of  pains  in  the  legs.  A  small  petechial  rash  appeared 
on  the  legs.    It  was  most  marked  about  the  knees. 

May  20th.  He  was  very  fretful  and  could  only  be  got  to 
take  nourishment  with  difficulty.  At  times  there  were  severe 
paroxysms  of  coughing.  There  were  periods  when  he  became 
collapsed  with  great  pallor  and  a  very  feeble  pulse.  The  pur- 
puric rash  persisted.  There  were  many  coarse  rales  everywhere 
over  the  the  chest.  The  liver  and  spleen  were  as  before.  No 
enlarged  glands  were  felt. 

May  22d.  The  patient  was  much  weaker.  There  was  no 
pain. 

May  24th.  The  condition  was  worse.  He  was  very  weak 
ard  took  but  little  nourishment.  In  view  of  his  grave  con- 
dition his  parents  decided  to  take  him  home  to  Indianapolis. 
It  was  learned  that  he  stood  the  journey  well  and  seemed 
better  for  a  day. 

His  subsequent  history  was  obtained  from  Dr.  F.  B,  Wynn, 
of  Indianapolis,  to  whom  I  am  also  indebted  for  the  account 
of  his  blood  examination.  Dr.  Wynn  writes  as  to  his  condi- 
tion: "  The  temperature  was  from  99*  to  100°,  pulse  140-160 
and  very  weak,  respirations  40-50  with  considerable  dyspnoea, 
petechial  hsemorrhages,  several  attacks  of  epistaxis,  and  on 
two  days  nausea  and  vomiting."  Death  occurred  on  May 
30th  with  convulsions  which  were  thought  to  be  due  to  cere- 
bral haemorrhage.    There  was  no  autopsy. 

While  in  the  hospital,  his  temperature  was  elevated,  usu- 
ally to  100"  and  100.5°.  On  May  21st  it  rose  to  103.3° 
falling  gradually  to  99*  on  the  morning  of  the  24th.  The 
pulse  varied  from  120  to  160,  and  the  respirations   were 
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usually  about  40.  Dyspnoea  was  most  marked  after  the 
attacks  of  coughing.  He  did  not  lose  any  weight  while  in 
the  hospital.  The  urine  had  a  specific  gravity  of  1.015  to 
1.017.  The  reaction  was  acid  and  there  was  neither  albumin 
nor  sugar  present.  The  diazo  reaction  was  not  given.  Mi- 
croscopically urates  and  uric  acid  were  found. 

Blood. — The  first  examination  after  admission  was  on  May 
lath.  The  haemoglobin  was  35  per  cent  (v.  Pleischl),  the 
red  corpuscles  1,680,000,  and  the  white  cells  26,000  per  cmm. 
(a  ratio  of  65  to  1).  A  differential  count  of  1000  leucocytes 
in  specimens  stained  with  Ehrlich's  triple  stain  showed  : 


Polymorphonuclears    .    . 
Lymphocytes,  Small,  41.5  1  _    _ 

do.  Large,  45.    i^^'^    ^°' 

Large  mononuclears    . 


13.3  per  cent. 

86.5 

.    .2    do. 


The  red  cells  did  not  show  any  special  variation  from  the 
normal  in  either  shape  or  size,  and  but  slight  polychromato- 
philia.  No  nucleated  red  cells  were  seen  in  counting  2000 
leucocytes  nor  in  careful  additional  search.  The  lympho- 
cytes showed  all  variations  in  size  from  the  smallest  up  to 
some  which  were  fully  15  microns  in .  diameter.  So  many 
cells  were  on  the  border  line  that  the  division  into  small  and 
large  is  only  approximate.  The  depth  of  nuclear  staining 
yaried  much  in  cells  of  the  same  size  but  the  general  stainijig 
was  pale.  This  was  more  marked  in  the  larger  forms;  still, 
there  were  but  few  small  lymphocytes  with  a  typical  deeply 
staining  nucleus.  Cells  with  nicked  or  divided  nuclei  were 
very  rare.  The  protoplasm  about  the  nucleus  was  unstained 
in  the  majority  of  the  larger  forms.  One  myelocyte  was 
seen.  In  this,  as  in  the  later  specimens,  there  was  a  marked 
tendency  for  the  lymphocytes  to  disintegrate  and  appear  in 
the  stained  specimen  as  shapeless  blotches  with  a  pale  blue 
stain.  The  polynuclear  cells  in  the  same  specimen  would  be 
quite  normal.  It  was  found  that  by  making  the  specimei] 
rather  thick,  and  drawing  the  covers  apart  as  rapidly  as 
possible,  this  disintegration  could  be  prevented.  Both  the 
small  and  large  lymphocytes  showed  the  tendency  to  break  up. 

May  15th.  The  differential  count  of  1000  leucocytes 
showed — 
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Polymorphonucleara    .    .    , 
Lymphocytes,  Biiibll,  78.9  \ 
large,   16.7  J  * 


4.4  per  cent. 
95.6      do. 


The  general  characters  of  the  cells  were  much  as  on  May 
12lh.  There  were  still  all  variations  in  size  between  the 
largest  and  smallest  lymphocytes.  No  nucleated  red  cells  or 
myelocytes  were  found. 

May  19th.  The  hsemoglobin  was  32  per  cent,  red  corpus- 
cles 1,760,000,  and  white  cells  60,800  per  cmm.  (a  ratio  of  29 
to  1).    The  differential  count  of  1000  leucocytes  gave: 


Polymorphonuclears    .    . 
Lymphocytes,  small,  96.6  \ 
large,     2.6  J 
Large  mononuclears,     .    . 
Eosinophiles, 


,    .4  per  cent. 
99.2      do. 


.3 
.1 


do. 
do. 


The  red  cells  were  much  the  same.  No  nucleated  red  cells 
were  found  in  counting  2000  leucocytes,  and  in  additional 
search.  The  lymphocytes  were  much  smaller  on  tiie  average, 
and  many  of  them  were  of  the  typical  small  type.  No  myelo- 
cytes were  seen. 

Miiy  24th.  The  hsemoglobin  and  red  cells  were  practically 
the  same  as  on  the  19th,  but  the  white  corpuscles  had  fallen 
to  21,800  per  cmm.  (a  ratio  of  84  to  1).  The  differential  count 
of  1000  leucocytes  showed: 

[page  104] 
Polymorphonuclears,   .    .    .    .9  per  cent. 
Lymphocytes,  small,  89.2  1     ua  ft      do 

large,    9.4  J 
Liirge  mononuclears,    ...    .4      do. 
Eosinophiles, 1      do. 

The  general  characters  of  the  cells  were  as  before,  but  the 
red  cells  showed  somewhat  greater  variation  in  stainipg.  No 
nucleated  red  cells  or  myelocytes  were  seen. 

Dr.  Wynn  very  kindly  sent  me  his  count  token  a  few  days 
later  in  Indianapolis.  The  haemoglobin  was  30  per  cent 
(Gowers),  red  corpuscles  1,800,000,  and  white  36,000  per  cmm. 

In  considering  this  case  a  striking  feature  is  the  rapid 
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course.  The  patient  was  admitted  to  the  hospital  almost 
accidentally — if  one  may  so  term  it — on  May  11th,  and  beyond 
the  presence  of  enlarged  tonsils  and  adenoids  he  seemed,  on 
superficial  examination,  to  be  in  ordinary  good  health.  Had 
it  not  been  for  the  results  of  the  blood  examination,  no  suspi- 
cion of  leukaemia  would  have  been  entertained.  There  were 
no  symptoms  pointing  to  acute  disease,  and  his  father  was 
sure  as  to  his  having  been  in  his  normal  condition  up  to  a  few 
days  before.  From  the  time  of  admission  to  the  hospital 
until  death  was  less  than  three  weeks.  Including  the  few 
days  of  malaise  previously  the  whole  course  was  not  over 
four  weeks.  Even  when  the  first  blood  examination  was 
made,  the  possibility  of  the  case  being  one  of  extreme  lynipb- 
atism  was  considered,  although  the  high  percentage  of 
lymphocytes  (86.6)  suggested  leukaemia.  In  his  condition 
any  attempt  to  remove  the  adenoids  and  enlarged  tonsils  was 
thought  unadvisable,  even  though  they  caused  considerable 
obstruction.  About  May  18th  the  general  condition  changed 
and  the  symptoms  were  more  severe.  The  blood  showed  9U.2 
per  cent  of  lymphocytes  and  the  hsemorrhagic  rash  hud 
appeared.  The  temperature  ranged  higher  and  from  this  to 
the  time  of  discharge  the  downward  course  was  rapid.  Death, 
as  already  noted,  occurred  on  May  30th. 

In  regard  to  the  blood  condition  a  relatively  high  propor- 
tion of  the  haemoglobin  to  the  red  corpuscles  is  seen.  The 
color  index  on  the  first  examination  was  slightly  over  1,  fall- 
ing a  little  below  it  subsequently.  A  high-color  index,  while 
usually  characteristic  of  pernicious  anaemia,  occurs  not  infre- 
quently in  other  blood  conditions.  In  a  recent  case  of  lym- 
phatic leukaemia  in  this  hospital  the  color  index  was  always 
about  1  during  observations  extending  over  a  period  of  two 
months.  In  two  recent  cases  of  splenic  ajiaemia  the  same 
ratio  was  observed.  It  will  be  noted  that  there  was  practi- 
cally no  diminution  in  the  number  of  red  cells  during  the 
course  of  the  disease.  In  the  stained  specimens  they  showed 
but  little  variation  from  the  normal  throughout.  Variations 
in  the  staining  were  rather  more  marked.  No  nucleated  red 
cells  were  found  at  any  time,  although  special  search  was 
made  for  them.  In  all  the  specimens  the  same  difficulty  was 
found  in  obtaining  satisfactory  slides.    Unless  the  covers 
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were  drawn  opart  very  rapidly,  the  majority  of  the  lympho- 
cytes were  irregular  maHses  without  any  deflnite  outline. 
They  took  the  Htain  exactly  ud  the  nuclei  in  the  better  apeci- 
mens.  This  tendency  to  disintegration  may  bo  a  feature  of 
the  lymphocytes  in  acute  cases.  So  far  as  known  there  are 
not  sutficient  observations  to  speak  with  certainty  on  this 
point.  The  staining  of  the  nuclei  of  the  lymphocytes  showed 
great  variation,  although  the  prevailing  stain  was  a  pale  one, 
and  this  was  most  marked  in  the  larger  forms.  The  lympho- 
cytes showed  increabe  both  absolutely  and  relatively.  The 
polymorphonuclears  showed  an  absolute  reduction.  On 
admission  they  were  3400  per  cmm.,  but  fell  later  to  240 
and  180  per  cmm.  The  eosinophiles  were  absent  in  the 
earlier  counts,  and  60  and  21  per  cmm.  were  found  in  the 
later  ones. 


Leukaemia  is  a  relatively  rare  disease  in  the  first  decade. 
Cassel'  states  that  among  3000  autopsies  in  Friedrichshain 
there  were  only  two  instances  of  leukaemia  below  the  age  of 
ten  years.  Considering  acute  leukeemia,  however,  there  seems 
ground  for  thinking  that  it  occurs  in  a  somewhat  larger  pro- 
portion. Theodor'  collected  45  cases  of  acute  leukaemia  of 
which  6  were  in  the  first  decade.  There  were  5  between  the 
ages  of  10  and  15  years.  Fussell  and  Taylor'  have  published 
a  series  of  56  cases,  among  which  9  were  in  this  period. 
Morse*  in  reporting  a  case  in  1898  collected  7  from  the  litera- 
ture. There  is  doubt  expressed  as  to  cases  reported  some 
years  ago,  but  apparently  13  previously  reported  cases  may  be 
accepted.  A  recent  case  in  an  infant  reported  by  Pollmann' 
is  not  included,  as  the  condition  appears  to  have  been  con- 
sidered congenital.  Blochand  Hirschfeld*  report  a  case  in  a 
boy  aged  eight  months,  which  was  probably  acute,  but  the 
exact  duration  was  not  known.  The  present  case  is  the  fourth 
to  be  reported  within  a  year.  The  previous  cases  are  as 
follows: 

4 

I.  Keating%  Female,  aged  4 i  years;  epistaxis, fever,  haemor- 
rhagic  rash,  cervical  glands  and  spleen  enlarged.  The  blood 
was  examined  by  Dr.  Osier.  The  red  cells  were  normal,  no 
nucleated  cells  being  seen.    The  whites  were  very  numerous, 
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there  being  50  or  60  in  one  field.    They  were  largely  lym- 
phocytes.   Duration  9  weeks ;  type  probably  lymphatic. 

II.  Wadham'.  Male,  aged  5  years ;  no  haemorrhages,  slight 
fever,  cervical  glands  enlarged,  abdominal  pain  and  distention. 
The  type  can  not  be  decided  from  the  description  given. 
Duration  8  weeks.    Autopsy. 

III.  Guttmann".  Male,  aged  10  years;  a  previous  history  of 
enlarged  tonsils  and  adenoids,  haemorrhages,  haemorrhagic 
rash,  no  fever,  hemiplegia,  priapism,  spleen  and  liver  enlarged. 
The  blood  showed  whites  to  reds  as  1  to  1.4.  Type  was 
probably  lymphatic.  Duration  4J  days.  At  autopsy  the 
thymus  was  found  much  enlarged. 

IV.  Eichhorst'".  Male,  aged  8  years;  onset  sudden  with 
precordial  pain,  haemorrhages,  fever,  enlarged  spleen  and  liver; 
no  swelling  of  the  lymph-glands.  The  blood  showed  88,000 
whites.  No  nucleated  reds  were  seen.  Duration  2  weeks. 
Autopsy.    Lymphatic  in  type. 

V".  Muller".  Male,  aged  4  years;  haemorrhages,  ulceration 
of  throat  and  only  the  cervical  glands  enlarged,  liver  and 
spleen  enlarged,  fever.  The  blood, showed  109,000  whites  of 
which  97  per  cent  were  mononuclear,  with  an  acute  staphy- 
lococcus infection.  Shortly  before  death  the  leucocytes  fell  to 
6800.     Duration  5  weeks.     Lymphatic  in  type.    Autopsy. 
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VI.  Muller".  Male,  aged  4  years;  haemorrhages,  haemor- 
rhagic rash,  fever,  liver  and  spleen  enlarged.  The  blood 
showed  209,000  white  cells  of  which  98  per  cent  were  mono- 
nuclear.   Duration  4  weeks.    Type  lymphatic.    No  autopsy. 

VII.  Goldschmidt".  Male,  aged  2J  years ;  cervical  glands 
enlarged,  liver  and  spleen  enlarged,  fever,  nephritis.  Blood 
picture  of  leukaemia.  Nucleated  red  cells  present.  Duration 
8  weeks.    Autopsy.     Lymphatic  in  type. 

VIII.  Theodor'.  Male,  aged  4  years ;  luetic  family  history, 
haemorrhages,  cervical  glands  enlarged,  spleen  enlarged,  liver 
not ;  no  fever.  The  white  cells  were  to  the  reds  as  1  to  9. 
Nucleated  red  cells  were  present.  Duration  6  weeks.  Lym- 
phatic in  type.     No  autopsy. 

IX.  C»\bot"'.  Infant ;  lymphocytes  over  98  per  cent,  duration 
G  weeks,  lymphatic  in  type. 

X.  Morse*.    Female,  aged  3  years ;  haemorrhages,  enlarged 
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tonsils,  liver  and  spleen  enlarged,  general  glandular  enlarge- 
ment. The  duration  was  not  more  than  7  weeks,  and  prob- 
ably less.    The  type  was  lymphatic.    No  autopsy. 

XI.  Bradford  and  Shaw'*.  Male,  aged  7  years;  haemor- 
rhages, fever,  swelling  and  ulceration  of  the  mouth,  cervical 
glands  enlarged,  spleen  enlarged,  liver  not.  Duration  prob- 
ably 7  or  8  weeks.    Autopsy.    Lymphatic  type. 

XII.  Haushalter  and  Richon".  Male,  aged  7 J  years ;  haemor- 
rhagic  rash,  no  fever,  glands  and  spleen  enlarged,  blood 
cultures  yielded  streptococci.  Duration  8  weeks.  Autopsy. 
Lymphatic  type. 

XIII.  Bradley".  Male,  aged  8  years ;  haBmorrhages,  haemor- 
rhagic  rash,  liver  and  spleen  enlarged.  The  white  cells 
wert  85,000,  of  which  97  per  cent  were  ly^nphocytes.  There 
were  a  few  nucleated  red  cells  present  (personal  communi- 
cation from  Dr.  Bradley).  Duration  7  weeks,  Ko  autopsy 
Lymphatic  type. 

It  is  of  interest  to  compare  the  symptoms  in  this  series  of 
cases.  As  in  case  IX  only  the  blood  features  and  duration 
are  known,  it  is  not  considered  in  thefigui'es  giveu  for  various 
other  symptoms. 

Family  history. — There  is  nothing  of  any  importance  under 
this  heading.  In  only  one  case  was  there  a  luetic  history,  and 
two  had  a  tuberculous  family  history. 

Previous  history. — Various  infections  are  noted  in  the 
previous  histories  of  the  cases.  One  had  had  meningitis,  one 
measles,  one  suppurating  cervical  glands,  and  three  had  suf- 
fered from  some  affection  of  the  tonsil"  This  last  is  of  some 
importance  in  connection  with  the  number  of  instances  in 
which  the  disease  was  accompanied  by  acute  tonsillitis. 

Sex, — A  large  proportion  of  the  case,  were  in  males, 
namely  11  out  of  13.  This  is  true  of  acute  leukaemia  at  all 
ages.  In  the  series  of  Fussell  and  Taylor,  among  55  acute 
cases  where  the  sex  was  known,  33  were  males.  The  same  is 
found  in  leukaemia  generally  in  childhood.  Thus,  Birch- 
Hirschfeld,  among  39  cases  belOw  the-  age  of  15  years,  found 
25  males  and  14  females.  This  applies  to  cases  from  the 
earliest  years. 

Onset. — This  was  sudden  in  many  of  the  ctpes  as  might  be 
expected  from  the  rapid  course.    In  one  case.  No.  VIII,  the 
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first  symptom  was  hsemorrhare  following  a  fall  from  a  horse. 
In  four  cases  haemorrhage  was  the  first  prominent  symptom. 

Hmmorrhages. — These  occurred  in  10  cases.  The  bleeding 
was  from  the  nose,  mouth,  stomach,  bowels  and  kidney.  In 
no  case  did  tb<  Meeding  seem  to  have  been  sufficient  to  cause 
death  directly.  A  hsemorrhagic  rash  was  present  in  10  cases, 
of  which  9  had  also  bleeding  from  a  surface. 

Fever. — This  was  noted  in  8  cases,  its  absence  in  4,  and  in  1 
there  was  no  note.  The  temperature  was  usually  not  extremely 
high.  The  highest  was  in  No.  XI,  where  it  rose  to  105.4".  In 
this  case  blood  cultures  taken  at  this  time  were  negative. 

Glandular  Enlargement. — General  enlargement  was  noted  in 
4  cases,  enlarged  cervical  glands  only  in  5  cases,  no  enlarge- 
ment in  2,  and  no  note  in  2  regarding  it.  In  the  cases  with 
enlargement  of  the  cervical  glands  only,  this  was  usually 
associated  with  local  throat  or  mouth  conditions  such  as 
enlarged  tonsils,  adenoids  or  ulceration. 

Spleen. — This  was  enlarged  in  all  the  cases.  The  degree 
was  not  great,  the  edge  usually  being  3  to  4  cm.  below  the 
costal  margin. 

Liver. — There  was  enlargement  in  8  cases,  none  in  3,  and  in 
2  the  condition  was  not  noted.  In  no  case  was  the  enlarge- 
ment extreme. 

Miscellaneous  Symptoms. — Pains  in  the  joints  and  bones 
were  noted,  hemiplegia,  priapism,  etc.,  but  none  in  any  large 
proportion  of  the  series. 

J5/oorf.— There  was  marked  anaemia  in  all  the  cases  in  which 
blood  examinations  were  made.  Among  the  eight  cases  in 
which  the  corpuscles  were  counted  the  highest  count  was  in 
No.  VI,  viz.,  2,350,000  and  the  lowest  of  1,000,000  in  No.  IV. 
The  percentage  of  haemoglobin  varied  from  40  in  No.  V  to  18 
in  No.  II.  The  degree  of  anaemia  in  these  acute  cases  is 
striking.  It  suggests  the  possibility  of  the  development  of 
the  disease  in  children  already  anaemic.  The  red  corpuscles 
did  not  show  any  rapid  fall  while  the  cases  were  under  obser- 
vation. If  such  low  counts  were  suddenly  brought  about  by 
the  disease,  it  would  seem  probable  that  the  rapid  fall  would 
continue  with  the  advance  of  the  other  symptoms.  If  the 
onset  of  the  disease  were  attended  with  such  rapid  blood 
destruction,  why  not  the  terminal  stages?    An  explanation 
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may  be  that  these  children  had  been  suffering  from  leukaemia 
in  a  more  chronic  form  for  some  time  and  that  what  we  con- 
sider the  whole  course  was  Only  an  acute  exacerbation  at  the 
termination.  The  histories  of  these  cases  and  the  considera- 
tion of  the  marked  general  features  do  not  support  this  view 
The  question  is  an  interesting  one,  and  may  be  answered  when 
cases  have  been  observed,  with  blood  counts  taken  prior  to  the 
onset  of  any  symptoms. 

The  high-color  index  in  the  present  case  has  already  been 
commented  on.  A  color  index  over  1  was  shown  in  4  cases  of 
the  series,  Nos.  IV,  V,  XIII,  XIV.  When  the  color  index 
was  below  one,  as  in  three  cases,  Nos.  VI,  X,  XII,  it  was  only 
about  .5.  This  relation  of  the  haemoglobin  to  the  red  cells 
divides  the  cases  into  one  class  with  the  blood  of  a  pernicious 
anaemia  type,  and  into  a  second  with  the  characters  of  a 
secondary  anaemia.  As  already  stated  a  similar  point  has  been 
noted  in  a  series  of  cases  of  splenic  anaemia.  So  far  as  can  be 
gathered  from  the  descriptions  given,  no  difference  was  ob- 
served in  the  shape  and  size  of  the  red  cells  in  these  two 
groups.     In  spite  of  the  severe  anaemia  the  red  corpuscles  as  a 
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rule  showed  little  variation  from  the  normal  in  their  character- 
istics. This  may  be  due  to  the  acuteness  of  the  condition  as 
in  a  case  of  pernicious  anaemia  at  present  under  observation 
in  which  the  symptoms  developed  with  great  suddenness.  It 
was  fully  two  months  after  the  onset  before  the  red  cells 
showed  any  special  variation  in  size,  shape  or  staining.  In  10 
cases  of  this  series  it  was  noted  that  the  red  cells  showed  no 
marked  changes  from  noi'mal  in  their  general  characters.  In 
the  remaining  3  cases  there  was  no  note  on  this  point.  The 
occurrence  of  nucleated  red  corpuscles  is  an  interesting  ques- 
tion. The  statement  is  made  by  some  writers  that  cases  of 
leukaemia  in  children  show  more  abundant  nucleated  red 
corpuscles  and  that  megaloblasts  are  usually  equal  in  number 
to  normoblasts.  The  cases  of  this  series  do  not  seem  to  sup- 
port the  view  that  nucleated  red  cells  are  common  in  acute 
leukaemia  in  childhood.  Thus  among  11  cases  in  which  full 
descriptions  are  given,  no  nucleated  red  cells  were  found  in  7, 
and  in  the  4  cases  where  they  were  found  the  numbers  do  not 
seem  to  have  been  large.    In  only  one  case,  No.  VIII,  was  the 
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occurrence  of  megaloblasts  noted.  In  this  instance  their 
number  increased  while  the  patient  was  under  observation. 

White  corpuscles. — The  number  of  the  leucocytes  shows 
wide  variation.  There  are  counts  in  8  cases,  the  highest 
being  209,000  in  No.  VI,  and  the  lowest  21,000  in  the  present 
case.  The  characteristics  of  the  white  corpuscles  are  much 
tlie  same  in  all  the  cases.  In  some  only  a  general  account  is 
given  but  sufficient  to  recognize  the  prevailing  type  of  cell. 
Ill  all  there  if  an  absolute  and  relative  increase  in  the  mono- 
nuclear elements.  The  proportion  of  large  to  small  cells 
varies  in  the  cifferent  cases.  There  does  not  appear  to  be  any 
relation  between  the  varying  proportions  of  large  and  small 
forms  and  the  relative  acuteuess  of  the  disease.  The  mono- 
nuclears in  all  the  described  cases  showed  great  variation  in 
their  staining.  The  largest  absolute  number  of  mononuclear 
cells  was  in  No.  VI,  where  they  numbered  304,800  per  cmm. 
The  absolute  number  of  the  polymorphonuclear  leucocytes 
was  about  normal  in  most  of  the  cases.  The  highest  number 
per  cmm.  was  in  No.  XI,  where  they  were  about  15,000  on 
one  occasion  and  8800  on  another.  The  lowest  number  was 
in  the  present  case,  where  on  admission  they  were  5400  per 
cmm.,  falling  later  to  240  and  180.  Myelocytes  were  rarely 
seen  and  were  only  noted  as  of  very  occasional  occurrence. 

Tijpi  of  Leukmmia. — This  is  apparently  lymphatic  in  13 
cases,  and  in  the  remaining  case  no  note  regarding  the  blood 
is  given.  This  is  in  accordance  with  the  acute  course  of 
lymphatic  leukaemia  generally  as  compared  with  the  spleno- 
niyelogenous  type.  There  are  instances  of  the  latter  variety 
in  cliildren. 

Duration. — The  period  of  nine  weeks  has  been  generally 
accepted  as  the  limit  of  time  within  which  a  case  should  be 
considered  acute.  While  the  general  features  of  the  case 
should  also  be  considered  in  classing  a  case  as  acute,  still  it 
will  be  found  that  nearly  all  cases  with  acute  features  termi- 
nate in  this  time.  Miiller,"  in  reporting  the  two  cases  noted 
before,  has  also  described  a  case  with  a  duration  of  13  weeks, 
which,  in  its  general  feature?,  might  be  termed  acute.  The 
duration  in  4  cases  of  this  series  was  less  than  one  month, 
and  in  10  was  between  four  and  nine  weeks. 

General  features. — These  cases  show  some  agreement  in 
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their  features  beyond  the  acute  course.  The  disease  occurs 
usually  in  a  male  with  no  special  feature  in  his  family  or 
previous  history  except  perhaps  a  history  of  throat  trouble. 
This  was  marked  in  some  instances  and  suggests  possibly 
something  of  a  causal  relationship.  In  one,  No.  XII, 
emphasis  is  laid  on  the  presence  of  carious  teeth.  Possibly,  if 
this  condition  bad  been  more  often  looked  for,  it  might  have 
assumed  more  importance  as  a  possible  causal  source  of 
infection.  Hunter"  has  recently  raised  the  question  of  a 
possible  association  between  foci  of  infection  in  the  mouth — 
such  as  carious  teeth — and  pernicious  anaemia,  considered  as  a 
chronic  infective  disease.  A  possible  relationship  to  the  so- 
called  "Lymphatic  Constitution"  must  also  be  considered. 
This  has  been  discussed  by  Ewing"  who  considers  that  there 
is  no  direct  indication  of  connection  between  that  condition 
and  leukaemia.  That  children  with  the  lymphatic  constitu- 
tion are  more  apt  to  develop  leukaemia  we  can  not  say.  One 
of  the  series.  No.  Ill,  showed  a  much  enlarged  thymus  at 
autopsy. 

The  onset  is  usually  with  moderate  suddenness ;  fever  is 
present  in  a  majority  of  the  cases  with  haemorrhages  and  a 
haemorrhagic  rash.  General  glandular  enlargement  is  found 
in  less  than  half  of  the  cases ;  in  more  the  cervical  glands 
alone  show  enlargement.  The  spleen  was  enlarged  in  every 
case  where  there  are  notes  of  an  examination  and  the  liver 
also  in  more  than  half  of  the  series.  In  all,  the  anaemia  is  a 
striking  feature,  and  the  symptoms  of  the  disease  may  be 
summed  up  as  a  severe  anaemia  with  frequent  multiple 
haemorrhages,  fever,  enlargement  of  the  spleen  and  frequently 
of  the  liver.  In  some  cases  general  glandular  enlargement, 
but  in  others  only  of  the  cervical  glands,  enlarged  tonsils, 
ulceration  of  the  mouth,  pains  in  the  bones,  etc.,  are  present. 
With  these  is  a  downward  course  to  a  rapidly  fatal  termina- 
tion. Guinon  and  Jolly'"  in  discussing  the  subject  divide  the 
cases  into  three  classes: 

1.  Typical   forms:    swollen    glands;    anaemia;    terminal 
haemorrhages. 

2.  Haemorrhagic  form:  features  of  an  infectious  purpura. 

3.  Pseudoscorbntic:  lesions  of  the  mouth,  gums  and  ton- 
sils predominate. 
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Diagnons. — This  can  only  be  made  with  certainty  through, 
the  examination  of  the  blood.  In  nearly  all  the  cases  emphasis 
is  laid  on  the  striking  ana3mia.  This  with  the  severe  general 
symptoms  and  the  occurrence  of  haemorrhages  should  suggest 
a  blood  examination.  Probably  the  conditions  with  which  it 
is  most  apt  to  be  confounded  are:  (1)  an  acute  infection  with 
specially  marked  throat  symptoms,  and  (3)  a  haemorrhagic 
purpura.  Bradford  in  referring  to  his  cases  has  laid  emphasis 
on  the  probability  of  considering  an  acute  leuksBmia  to  be 
merely  an  infection  unless  a  blood  examination  be  made. 
Probably,  with  more  frequent  routine  work  on  the  examina- 
tion of  the  blood,  cases  will  be  found  more  often. 

Treatment. — This  can  only  be  symptomatic  with  our  present 
knowledge.  In  no  case  does  any  treatment  appear  to  have 
been  of  any  service. 

In  conclusion,  emphasis  may  be  laid  on  the  necessity  of 
careful  study  of  the  anaemias  of  early  life.    The  subject  at 
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present  is  in  a  rather  chaotic  state,  and  only  through  careful 
blood  examinations  can  we  hope  to  have  the  lines  drawn  more 
satisfactorily. 
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